Micro Air Vehicle (MAV) surveillance in the urban environment involves many aerodynamic hazards such as flying in close proximity to walls. The aerodynamic interactions between a maneuvering MAV's wingtip vortex and its proximity to a building wall could potentially affect the MAV's flight controls. The present study investigates the magnitude of this interaction using a fixed wing MAV vehicle in free flight particle image velocimetry (PIV) and wind tunnel testing. Elliptical instabilities in the wingtip vortex near the wall are discovered in the PIV testing while the wind tunnel results show an increase in aircraft lift coefficient near the wall. In extremely close proximity to the wall, it induces a slight rolling moment on the airplane. A MAV may need to anticipate this behavior and adjust its flight controls to successfully complete its mission in an urban environment.
affect one of the wingtip vortices. The longitudinal stability will also not be affected as much by wall effects since the downwash angle at the tail will not be as affected as would be experienced along the ground [2] . It is however noteworthy that the asymmetry in the lateral loading while one wingtip flies past a wall may affect the roll stability of the aircraft.
Vortex Wall Interaction
When the aircraft flies along a wall and performs a banked turning maneuver, the wingtip vortex may not impact the wall perpendicularly. Results from a vortex particle-in-cell method developed by Ho Liu and Doorly [3] provide some insight into the evolution of the vortex pair in this situation. They analyze a vortex dipole impacting a wall at normal and oblique collision angles. For a perpendicular vortex dipole collision with a wall, the vortex interacts with the wall to create a weaker secondary vortex of opposite sign. Figure 1 shows a contour plot of the vorticity of the vortex dipole as it impacts the wall at a 75 0 angle. This vortex dipole impact differs from the perpendicular impact. As time increases (down the column of images), the secondary vortex, of the left primary vortex, is entrained into the right primary vortex. In the perpendicular vortex dipole impact, the secondary vortices for each primary vortex are absorbed back into their corresponding primary vortices. Figure 2 shows a contour plot of the vorticity of the vortex dipole as it impacts the wall at a 45 0 angle. This vortex dipole impact is different from the perpendicular and 75 0 impact because as time increases, the left primary vortex is constricted by the right primary vortex. When the left primary vortex impacts the wall, it generates vorticity of opposite sign and eventually gets swept around the right primary vortex [3] . 
Vortex Ellipticity
Le Dizes and Laporte [4] discuss the elliptical instability present when two vortices are located in close proximity to one another. The elliptical instability is a three-dimensional instability and it is significant because it is strong enough to deform the streamlines around a vortex core into an elliptical shape. The three-dimensional destabilization of vortices is investigated by Potylistsin and Peltier [5] . The goal of this paper is to apply various amounts of ellipticity to Stuart vortex models in order to study the linear stability of these two-dimensional column vortices and determine the dominant three-dimensional instabilities present in the vortices. Ellipticity is measured by the vortex parameter, ρ v , and values of 0.33, 0.50 and 0.75 are selected as a representative bounding range expected to be observed for this variable to apply various amounts of ellipticity. The Stuart vortex model is chosen for this research since it is easy to modify the ellipticity value for this type of vortex model. As this variable increases in value as shown in Figure 3 , the ellipticity of the Stuart vortex model (the model shown) actually decreases. The Stuart vortex with moderate ellipticity has a dominant instability located at the core of the vortex as well as a weaker instability on the edge of the vortex boundary. In contrast, the Stuart vortex with low ellipticity has a dominant instability located at the boundary edge of the vortex and an additional weaker instability at the vortex core [5] . The wingtip vortices near the wall in this research are considered to have moderate ellipticity and the wingtip vortices away from the wall have low ellipticity. These various degrees of ellipticity could affect a MAV's flight controls while flying in close proximity to a wall.
The three different three-dimensional instabilities that are analyzed by Potylistin and Peltier [5] include the following:
• Elliptical Instability-elliptically shaped instability affected by the Coriolis force. The Coriolis force relates to the deflection of an object's path with reference to a moving coordinate system. • Edge Instability-a centrifugal instability on the edge of a columnar vortex.
• Hyperbolic Instability-an instability that relates to the stagnation point between two vortices in close proximity to one another [5] .
THEORY 2.1 Theory behind Experiment
The present research is based on the hypothesis that as a MAV flies along a wall, the MAV's wingtip vortex nearest the wall deforms due to the vortex's proximity to the wall. Consequently, the goal is to determine whether the deformation of this vortex affects the handling of the aircraft in close proximity to the wall. Any vortex has an influence on a flow or body located in its proximity. Following from Biot-Savart, the degree of influence that a vortex has on the flow or body in its environment is a direct function of the circulation and the distance between the vortex and the body or flow. In this article, Particle Image Velocimetry (PIV) is used to obtain two component velocity measurements from two-dimensional velocity field data for the wingtip vortex wake of a MAV freely flying along a wall in an indoor flight test facility. The velocity field data including the wingtip vortex can be used to estimate the force that the vortex impacting the wall is imparting on the MAV. Quantifying the ellipticity of the wingtip vortex wake also provides insight into the deformation of the wingtip vortex due to instabilities resulting from the vortex's proximity to the wall. Determining the location of these instabilities within the wingtip vortex wake can also aid in determining how these instabilities affect aircraft handling while flying in close proximity to a wall.
Wind tunnel testing is also used to quantify the aerodynamic effects of flying an aircraft in close proximity to a wall. This frame of reference measures the lift force acting directly on the aircraft in the presence and absence of a wall placed in close proximity to the wingtip. A total of eight different types of tests are executed for the free flight and wind tunnel tests. The test matrix is shown in Table 2 .1. The four tests listed in Table 2 .1 will be repeated without a wall present. The roll angle is listed to clarify the orientation of the aircraft and is measured during the free flight PIV tests with the Vicon system. These tests without the wall serve as a baseline for comparison against the tests performed with the wall present.
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Vortex Identification Method
A precise approach must be taken in order to accurately and consistently pinpoint the core and the boundaries of a vortex when the vortex is not clearly defined. This process can be particularly difficult when using single instantaneous/image pairs from the wake. In a paper by Graftieaux et al. [6] vortex identification functions are developed to systematically identify the center of the vortex core and the boundary of a vortex derived from PIV measured velocity fields. The center of the vortex is pinpointed through calculating the dimensionless scalar Γ 1 .
Graftieaux et al. [6] state that point P is considered to be the pinpointed center of an axisymmetrical vortex when the value of Γ 1 at that point P reaches a bound of one. They also describe a method that can be used to calculate the boundary of a vortex derived from PIV measured velocity fields. The boundary of a vortex is pinpointed through calculating the dimensionless scalar Γ 2 . Graftieaux et al. [6] explain that the coordinates of point P represent the boundary of a vortex when the corresponding |Γ 2 | falls within a range of 0.6 -0.7.
Methods of Calculating the Circulation of a Vortex
Several different methods can be used to calculate the circulation of a vortex from a velocity field. Hong and Altman [7] calculate the circulation of a vortex, Γ z , by taking the integral of the z-vorticity, ω z , over the area of a vortex, dS. See eqn (2.1).
In their book, Katz and Plotkin [8] describe how the circulation value for a vortex can also be found by using the line integral of the velocity, V, over the closed curve, dl, of the vortex, see eqn (2.2) [8] .
Baik et al. [9] compare the results for the two circulation calculation methods applied to PIV experiments. In a well-formed vortex, the calculated values are essentially the same. In the present research, both of these methods are used to calculate and compare the circulation of the MAV wingtip vortices. Figure 4a and contains a total of 60 Vicon motion capture cameras mounted at two elevations around the perimeter of the room. The motion capture cameras emit light through red LEDs and strobe at a predefined frequency (125 Hz for this test). An example of an individual Vicon camera is shown in Figure 4b . The light from these cameras bounce off reflective markers placed on the object that requires tracking and return to the camera through the camera sensor. The cameras triangulate position data for where the marker is located in the room in all three dimensions. This position data is used to calculate velocity and acceleration. Figure 4c shows an example image of the output from the Vicon software that is used to
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locate each individual camera and show its orientation within the flight room. The aircraft chosen to perform the free flight tests in close proximity to a wall is the commercially available ParkZone Night Vapor RC aircraft, which is illustrated in Figure 5 with four reflective markers attached in an asymmetric pattern. Figure 6 is a representation of how the Night Vapor appears in the Vicon camera software. The specifications for the Night Vapor are shown in Table 2 .2. The Vicon cameras can deliver position and velocity information within the submillimeter scale. When calculating the Reynolds number range seen in Table 2 .2, it is only necessary to know the speed of the aircraft within the PIV field of view. The Night Vapor is chosen for the free flight testing due to its inherent stability at speeds low enough to fly indoors as well as its availability from local hobby shops. 
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Wind Tunnel Testing
Wind tunnel testing is performed to measure the lift and drag on the aircraft with and without a wall in close proximity to an RC aircraft's wingtip. The same tests that are listed for the free flight tests in Table  2 .1 are repeated in the wind tunnel at fast and slow flight velocities. Figures 7-9 show the test setup in the µAVIARI flight lab. Figure 7 shows the top view of the test setup.
EXPERIMENTAL SETUP 3.1 PIV Experimental Setup
The setup involved a purpose-built enclosed Plexiglas room to contain the seed and allow it to pre-mix uniformly. A LeMaitre G300 Glycerin-based theater fog machine operating in G300 mode was used to create the seed particles. A uniform seed field was not possible without the enclosure due to the expansive size of the flight lab and the innumerable secondary air currents present. Orange arrows in Figure 7 show the flight pattern of the Night Vapor through the room. If the Vicon cameras lost sight of the Night Vapor due to interference with the enclosure structure, it is only lost for about 0.3 s and any error induced from a dropped Vicon frame is averaged out with a 20 point moving average on the velocity measurements. This assumes no violent maneuvers are undertaken by the Night Vapor while in the enclosure. These distances are deemed to be sufficiently large to not have a significant effect on the flow of the wingtip vortices since they are more than five wingtip vortex diameters away from the edge of the camera's field of view. The largest value of a wingtip vortex core diameter is found to be 0.075 m and five times this diameter gives a distance of 0.375 m. Figure 7 also shows the 55 mm Nikon lens on the PCO 1600 CCD double-shutter camera. The camera is positioned perpendicularly to the laser sheet and is triggered every 0.083 s with the laser repeat frequency of 12 Hz. A delta t value for the camera of 3.5 ms is used for the fast tests and a value of 2.7 ms for the slow flight tests. The laser sheet is also purposely defocused to a width of about four mm in order to allow a greater illumination of particles moving in the out of plane direction. This sheet thickness is required by the magnitude of the axial flow [out of plane] through the core of the vortex. Figure 9 shows an action shot of the Night Vapor flying through the laser sheet during a turning test along the wall. The distance between the aircraft and the wingtip vortex seen in the laser sheet can be measured for the straight tests at both fast and slow velocities. For fast straight tests with or without the wall present, the average distance between the wingtip vortex image used for analysis and the aircraft is 14.27 cm. For slow tests with or without the wall present, the average distance between the wingtip vortex image used for analysis and the aircraft is 2.35 cm. This measurement is only recorded for the straight tests since the Night Vapor tends to turn out of the camera's field of view quickly as seen in Figure 9 .
Wind Tunnel Experimental Setup
The University of Dayton's low speed wind tunnel (UD-LSWT) serves as a test bed to investigate the lift force measured on an aircraft with its wingtip located in close proximity to a wall. A full length photo of the tunnel assembly is illustrated in Figure 10 . An eight pound, six-component Aerolab sting force balance is located in an Aerolab test section with an automated model positioning system that moves the model through angles of attack from -5 0 to 25 0 .
The eight pound sting balance available in the UD-LSWT is suboptimal for testing the 21 gram Night Vapor at such low speeds, and the subsequent results were not suitably reliable to accurately simulate the Night Vapor's free flight conditions. Delisi [10] discusses the lack of Reynolds number sensitivity in free vortex propagation in application to wingtip vortices. Delisi's results are used as justification to use a heavier RC aircraft, the X-EC aircraft. The wind tunnel tests are performed at the highest dynamic pressure that this vehicle can tolerate in an effort to reduce uncertainty to acceptable levels. The highest dynamic pressure corresponds to 18.51 m/s (60.74 ft/s) for the fast flight tests. Figure 11 shows the X-EC aircraft attached to the sting force balance at a positive angle of attack. Figure 12 shows the location of a false Plexiglass wall that is secured to the roof of the wind tunnel. Figure 13 shows a one cm distance between the wingtip and the wall. This wall can translate in the spanwise direction and move from 1 to 9 cm away from the wingtip. The ratio of these distances to the approximate plate boundary layer thickness at the streamwise wingtip location, are in the range of 0.15 to 0.01 for a laminar boundary layer or 0.58 to 0.03 for a turbulent boundary layer. The boundary layer thickness is approximated here using a Blasius smooth flat plate approximation across the range of Reynolds numbers tested. Baseline tests are also performed in the absence of the wall. The wall has a 45 0 bevel on the leading edge.
The balance center is placed coincident to the aircraft center of lift. Since the Night Vapor is a very stable aircraft, changing the location of the center of gravity on the aircraft does not seem to affect the aircraft's stability. A roll of 19 0 is used since this is the average roll angle determined from the free flight turning tests.
The testing procedure includes first performing a tare measurement with the aircraft mounted to the sting balance with the wind off. At the end of a given data set, another set of wind-off tare data is collected to account for any balance drift.
Overall, the wind tunnel tests provide another method to analyze the lift of a MAV while flying in close proximity to a wall. Fast and slow, straight and turning, and wall and no wall tests are performed under conditions that will elucidate the fundamental fluid dynamic interactions between a wall and a wingtip.
PROCEDURE 4.1 PIV Procedure
A total of eight different types of tests are executed and the test matrix for "with wall" testing is illustrated in Table 2 .1 in the Theory behind Experiment section. The raw PIV images are processed using LaVision DaVis software to create the velocity vector fields. The image pairs are post processed with two iterations using a 64 and then a 32 pixel interrogation region with a 50% overlap. Tecplot 360 is used to plot the vectors as contour maps of velocity and z-vorticity.
The aircraft was manually flown and thus the processed wingtip vortex velocity vectors were obtained from single instantaneous images and were not averaged across a number of runs. Numerous image pairs were obtained at each test condition to make sure the results that were used were representative.
Measuring Wingtip Vortex Ellipticity
The effect of the wall on the wingtip vortex can also be quantified by measuring the circular or elliptical shape of the wingtip vortex bounds. The yellow star points in Figures 14 and 15 show the bounds of the vortex calculated from the vortex identification Γ 2 criteria and the black X's show all the points that form the core of the vortex as determined from the Γ 1 criteria. Graftieaux et al. [6] state that the coordinates of any given point are considered to be the pinpointed center of an axisymmetrical vortex when the value of Γ 1 at that point reaches a bound of one. Figure 14 shows the circular shape of the wingtip vortex for a fast, straight flight test without the wall present. The length of the light blue and purple lines in this figure represent the measured circular diameter of the boundary of the vortex while the chartreuse line represents the diameter of the core of the vortex. Figure 15 shows a wingtip vortex from a slow turning test along the wall. The measured vortex boundary dimensions are used to calculate the ellipticity. Ellipticity is defined in eqn (4.1). The ellipticity values are compared across the various tests enabling visualization of the effect of the wall on the shape and stability of the wingtip vortex.
RESULTS
Wingtip Vortex Circulation Results from the Free Flying, Maneuvering MAV
The circulation of the wingtip vortices is calculated for tests with and without a wall present with the goal of identifying a significant difference in circulation due to the wall interacting with a wingtip vortex. For the area integration approach, a sensitivity analysis is performed in order to examine how the size of the area used in the integration affects the resultant circulation value. Several potential methods of normalizing this circulation by the size of the integration box used or the distance between the vortex core and the wall are also investigated. However, little difference in circulation is noticed for the tests conducted with or without the wall present. For this reason, the details about the multitude of methods used to normalize the vortex circulation values are not discussed herein but can be found in Geyman [11] . Discernible trends do still exist relating to how the wingtip vortex interacts with a wall. Figure 16 shows the resulting (non-normalized) circulation values associated with the area integration circulation calculation sensitivity analysis for a fast straight test conducted with and without the wall present. While there is little difference in the circulation values between the tests with and without a wall present, the general trend of the increasing circulation with an increasing area of integration can be observed. Baik et al. [9] perform a similar sensitivity analysis and observe the same trend. Elliptical instabilities located within the wingtip vortex may provide a more clear understanding of the wall effect on the vortex and by extension, the MAV flight controls. 
Wingtip Vortex Ellipticity
The results of the wingtip vortex ellipticity measurements are discussed next. The ellipticity ratios are greater than one when the vertical axis has the larger value. Figure 17 validates the suspicion that the wingtip vortices in proximity to the wall have moderate ellipticity while the no wall tests have low ellipticity. The wingtip vortex ellipticity for each test condition is averaged across three individual tests. Once the ellipticity values for the different test conditions are known, the instabilities associated with the different levels of ellipticity can be investigated further. The normalized velocity contour plots of the tests in the presence and in the absence of the wall will help to better visualize these instabilities. The normalized velocity contours are normalized by the average airspeed of the aircraft while it is flying within the enclosed PIV space. The Vicon data allows the user to identify exactly when the aircraft enters the room and when it leaves the room. The velocity between these two points is used. Figure 18 shows a normalized velocity contour plot of a wingtip vortex from a slow turning test near the wall. The black square represents the boundary of the vortex defined by the Γ 2 criteria. The core of this vortex looks unstable due to the dominant instability present in the vortex core for a moderately elliptical vortex. A weaker instability can also be seen at the edge of the wingtip vortex between the wall and the vortex Γ 2 boundary. This weaker edge instability is also due to the fact that the wingtip vortex near the wall has moderate ellipticity. In contrast, Figure 19 shows a normalized velocity contour plot of a wingtip vortex from a slow straight flight without the wall present. The black box again represents the boundary of the vortex from the Γ 2 criterion. This type of low ellipticity vortex should contain a strong instability at the vortex boundary or a weaker instability at the vortex core. Neither of these instabilities is readily visible in Figure 19 . This leads to the assertion that the wingtip vortices in the absence of the wall in the near wake should have somewhere between zero to low ellipticity. This definition seems fitting since the ellipticity values for these tests are slightly greater than one but the instabilities are not readily seen in a normalized velocity contour plot. A vortex-vortex interaction could contribute to the small amount of ellipticity seen in the wingtip vortices in the absence of the wall. This vortex-vortex interaction is a result of a fluid shear from the opposite sense wingtip vortex. The shear is present for all tests conducted independent of the presence or absence of the wall. This vortex-vortex interaction will be discussed further shortly. Some of the instabilities seen in the wingtip vortex near a wall in Figure 18 could be argued to also originate from natural instabilities created during the formation of the wingtip vortex. However, it is believed that most of the instabilities originate from the ellipticity of the vortex due to the wall's presence since there is a significantly larger and more easily observed instability in the wingtip vortex near the wall compared to the wingtip vortex without the wall present.
Figures 18 and 19 both show a dropout in the vortex core. To ensure that this dropout was not caused by out-of-plane motion, the laser sheet thickness is increased and a shorter delta t is used. The end result of this exercise shows that the dropout still exists in the vortex core and that out of plane motion was not the culprit. For the tests in close proximity to the wall, the alignment of the axis along which the wingtip vortices elongate in approaching the elliptical shape also provides insight into how the wingtip vortex interacts with the wall and ultimately how a MAV's flight controls might be affected. Figure 20 shows a wingtip vortex from a fast turning test conducted near the wall. The yellow vertical line at the core of this vortex demonstrates that the vortex core elongates in the vertical direction. This can also be explained by the fact that the wingtip vortex experiences a solid surface friction-induced shear from the wall while also simultaneously experiencing the fluid shear from the opposite wingtip vortex as a result of the vortex-vortex interaction discussed earlier. The resulting dual shear force on the wingtip vortex contributes to its elongation in the vertical direction. In contrast, Figure 21 shows the circular nature of a wingtip vortex from a fast turning test in the absence of the wall. . This is likely due to the absence of the wall.
Wind Tunnel Results
The wind tunnel provides a more controlled environment to investigate the aerodynamic interactions between a MAV and a building wall when compared to the free flight PIV tests. Figures 22 and 23 show the results from the wind tunnel testing. The "no wall" tests refer to the test condition when no wall is installed inside the wind tunnel. In this situation, the (distance from wall) / (aircraft span) calculation uses the distance from the wingtip to the physical wall of the wind tunnel itself. In Figure  22 , the fast straight and slow straight wind tunnel test results show an increase in C L as the wingtip approaches the wall. The fast straight data points show a 6.0% increase in C L between the no wall test and the 1 cm away from the wall test. The slow straight data points show a 7.5% increase in C L between the no wall test and the 1 cm away from the wall test. Figure 23 shows a similar plot for the fast and slow turning tests performed in the wind tunnel with and without a wall present. The fast turning data points show an 8.8% increase in C L between the no wall test and the 1 cm away from the wall test. The slow turning data points show a 6.0% increase in C L between the no wall test and the 1 cm away from the wall test.
It is also possible to compare the flight maneuvers to the C L values seen in the wind tunnel tests. Table 5 .1 shows that there is a 12 % increase in C L between the fast straight and the fast turning tests 1 cm away from the wall. Table 5 .1 also shows that there is a 9.6% increase in C L between the fast straight and the fast turning tests without the wall present. The proximity to the wall is responsible for the increase in lift. The standard deviation test is found to be the most limiting in the uncertainty analysis.
Overall, the wind tunnel testing shows that the wall effect increases the C L on the aircraft, especially for a fast banked turning maneuver. In order to put these changes in C L into context, the velocity triangle equivalent vertical gust is calculated for each test condition. Overall, Table 5 .2 shows that when flying at speeds of 15.9 and 18.5 m/s, a MAV can expect to have a load factor between 1.07 to 1.16 and a vertical gust velocity of 0.15 to 0.34 m/s while flying 1 cm away from a wall. A MAV will thus have to adjust its flight controls slightly in order to account for a change in C L when flying near the wall. 
CONCLUSIONS
The motivation behind this research involves the well-known fact that a vortex has an influence on a body or flow in its environment. That influence is a function of the distance between the vortex and the body or flow. The aerodynamic interactions between a MAV's wingtip vortex and a wall are investigated in order to determine if there is a measurably significant wall effect on the MAV. It is concluded from PIV testing on an RC aircraft in free flight near a wall, that the wall effect creates a moderately elliptical wingtip vortex with three-dimensional elliptical instabilities. The strongest instabilities are located within the core of the moderately elliptical wingtip vortex near the wall. The wall partially blocks the edge of the wingtip vortex and causes the weak, edge instability to exist between the wall and the core. These instabilities can be visualized at the core and edge of the wingtip vortex in a normalized velocity contour plot. The instability between the vortex edge and the wall decreases the wing downwash locally and increases the aircraft coefficient of lift in a fashion similar to ground effect, except that this effect is only applied to one wingtip. This decrease in local wing downwash and increase in aircraft coefficient of lift due to the wall effect leads to an increase in effective angle of attack of the wingtip near the wall. The wall affects the control of the MAV since the effective angle of attack of the wingtip near the wall increases. Since only one wingtip experiences an increase in effective angle of attack, the aircraft will experience a rolling moment acting away from the wall. A MAV will need to adjust its control surfaces in order to maintain its intended flight path when flying in close proximity to the wall.
The PIV free flight testing also reveals a secondary vortex which forms as a result of the aerodynamic interaction between the wingtip vortex and the wall. The vortex tends to rebound off of the wall and move up slightly and away from the wall due to the induced boundary layer along the wall separating and forming this secondary vortex. The phenomenon of vortex wandering also explains some of this vortex movement. The entire vortex tube rebounds off of the wall and the upward movement of this vortex tube causes the MAV wingtip near the wall to experience a higher coefficient of lift. This higher coefficient of lift is only applied to the wingtip near the wall and this would again indicate that the MAV would experience a rolling motion away from the wall. The wind tunnel testing also reveals valuable information about how a MAV's flight controls are affected as a result of flying along a wall. The results show an increase in the aircraft's coefficient of lift when the wingtip is located near the wall. The higher velocity at the wingtip due to a small wingtip wall gap and a lower pressure on top of the wing causes an increase in lift at the wingtip near the wall. This higher lift at the wingtip near a wall causes a rolling moment in the MAV. For a fast banked turn near the wall, the wall effect is stronger, the coefficient of lift is higher, and the aircraft rolling moment will be greater compared to a fast straight flight near the wall. The fast banked turning maneuver increases the MAV's coefficient of lift, however the baseline straight test near the wall indicates that most of the lift advantage is derived from the presence of the wall and not the fact that the plane is turning. This means that a MAV must correct its flight controls more significantly for a fast turning maneuver near the wall. It is also noted that during the wind tunnel results, only the CL was explicitly studied and the roll moment discussion was derived from the experimental PIV results.
MAVs will have to adjust their flight controls for mission success when flying in close proximity to a wall, especially during fast turning flights near the wall. MAVs must regularly perform turning maneuvers near walls while flying in the urban environment. Therefore, adjusting the flight controls will likely be necessary to maintain course and heading.
